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The Inhibition of Dental Caries by Fluorine By ROBERT WEAVER, M.D., F.D.S. AINSWORTH (1933) described the appearance of teeth observed by him in the Maldon district of Essex, where the water contains about five parts per million of fluorine. For many years previously there had been much speculation, particularly in America, as to the cause of mottled enamel. Many people suspected that the mottling was produced by some substance in the drinking water, though it is of interest to note that one writer in 1926 suggested that it might be caused by a deficiency of fluorine in water. However, about two years prior to the publication of Ainsworth's paper, it was conclusively proved that endemic mottled enamel was caused by the presence of a substantial amount of fluorine in drinking water, and Ainsworth showed that this state of affairs existed in the Maldon area. He observed that the incidence of dental caries was distinctly low in the children whom he examined, but his reference to that point takes up only about four lines in an article of seventeen pages. This is not surprising. It was not then realized that very much lower concentrations of fluorine could inhibit caries, and the readers of Ainsworth's paper, looking at the really admirable accompanying pictures of Maldon teeth, might well have said to themselves: "If this is the price which has to be paid for a lowered caries incidence, then the price is much too high." I understand that this is the view taken by quite a number of residents in the Maldon district, and that it is not unusual for young people in that area to demand that perfectly sound anterior teeth be extracted because they are so unsightly.
During the five years or so preceding the outbreak of World WarII, there was ain accumulation of evidence indicating that inhibition of caries could be produced by concentrations of fluorine which were too low to cause the unsightly appearance observed in teeth at Maldon and elsewhere. The person who, more than anyone else, deserves the credit for this work is Trendley Dean of the United States Public Health Service. In 1938 he showed the inverse relationship which exists between endemic dental fluorosis and dental caries prevalence, and during the next few years he, in collaboration with various colleagues, published a long series of papers which left no room for any reasonable doubt as to the caries-inhibitory effect of fluorine. When in 1944 I referred to the low incidence of caries in certain north-east Durham areas as being due to a factor F, which was probably fluorine, I did not seriously doubt Dean's conclusions; I was merely being ultra-cautious. The evidence which accumulated since then has, however, convinced me that there is no need any longer to suspend judgment on this point. It may be well to mention that, when we talk of fluorine in water, we are really thinking of fluoride. The other elements which combine with fluorine to form fluorides have different atomic weights, and so the amount of fluorine in 1 gramme of, say, fluorspar (calcium fluoride) is by no means the same as the amount in 1 gramme of sodium fluoride. Where quantitative measurements are concerned, we accordingly have to speak in terms of percentages or parts per million of fluorine, and not of fluoride.
It is interesting to speculate as to whether a conqentration of, say, 1 p.p.m. of fluorine water will always produce the same effect on the dental tissues, regardless of the other element with which it is combined to form a salt or regardless of the presence or absence of other substances in the water supply. Dean (1938) at one time held the view that other constituents of drinking water might perhaps have a synergistic action with the fluoride, but my impression is that he was merely refraining from ruling out any possibility, and that he really believed that fluorine produces its dental effects consistently and independently of any possible help or hindrance from other constituents of drinking water. He has stated, for example, that 1 p.p.m. of fluorine in water will result in dental fluorosis occurring in about 10% of the persons who drink that water whilst their teeth are developing, but with fluorosis will be about 60%. I have seen a little evidence to suggest that there may possibly be exceptions to a rule of this kind, but my own findings in South Shields fitted in very well with Dean's figures.
By the mottled enamel of dental fluorosis I mean paper-white patches which compare with normal enamel very much as the broken edge of a white china saucer compares with the glazed unbroken sbrfAc& of the saucer. Sometimes these patches are very obvious, but sometimes they are seen only with difficulty and from a particular angle. They may not be easily seen in artificial light.
They are produced by interference with the calcification of the enarel and, therefore, they never develop after eruption of the tooth, however great be th*e intake of fluorine. During the post-eruptive life of the teeth, these white patches have tendency to become pigmented, and the higher the fluorine content has been during the development of the and, therefore, the greater the interference with calcification, so the greater will be tendency for pigmentation to develop. In South Shields I pigmentation in only 2 out of 500 12-year-old children, whereas in Maldon it is very common. The great majority of observers have been able to find mottling and pigmentation in the permanent dentition only, but Marshall Day (1940) has recorded a high incidencelof mottling in deciduous teeth in one district in India. It is, I think, established beyond any doubt that there is no relationship whatever between mottling and freedom from or susceptibility to caries. If one examines in South Shields a sufficiently large number of children showing enamel mottling and compares them with an equal number of South Shields children showing no sign of mottling, the incidence of caries will be found to be precisely the same in the two groups. Similarly, a given number of, say, six-year molars in South Shields showing mottling will be found to show no more and no less caries than the same number of unmottled six-year molars in South Shields-assuming, of course, continuous residence in the area by all the children concerned. This is, I think, a little surprising. It might have been expected that when a substance like fluorine produces two effects on the teeth, namely, mottling and reduction in caries liability, there would be some connexion between the two effects, but apparently there is none whatever.
Those who have subjected mottled teeth to histological examination seem to be agreed that mottled enamel is defective in its structure. Lady Mellanby (1934) , for example, said "The prisms are imperfectly calcified, ... the interprismatic substance is also deficient", whilst McKay (1929) went so far as to say that mottled enamel is "the most poorly constructed enamel of which there is any record in the literature". On the other hand, King (1944), on the basis of clinical examination of Maldon teeth, has recorded his view that, even when mottled, they are often of good structure and his figures make it clear that, in his opinion, the first permanent molars which he saw at Maldon tended toAbe of better structure than those which he saw in the rural parts of the Island of Lewis.
Fluorine is by no means a rare element, though I was greatly surprised to see it stated in a recent American technical journal that it is about as abundant as nitrogen or carbon. It is coming to be used very widely in industrial processes, and one of the methods employed in separating the isotopes of uranium for the atomic bomb involved the use of a fluorine compound. In this country there seem to be few communities of any size which are dependent on a water supply containing significant amounts of fluorine. Most of the larger cities get their water from moorland gathering grounds, and those waters have little chance of picking up fluorine. Those fluorine-free waters are usually soft, whereas the deep well waters in which fluorine is more likely to be found are often hard. One has, therefore, to meet the argument that the caries-inhibitory effect of waters containing fluorine may be due to hardness and not to fluorine, but I should be sorry to think that there is still any widespread belief that caries incidence is related to hardness or softness of water. In any case, there is convincing evidence from America to show that waters with caries-inhibitory properties vary so widely as regards their hardness and contain salts of all kinds as to rule out the possibility of any ingredient other than fluorine being the caries-inhibiting factor. In a symposium published by the American Association for the Advancement of Science (1946) there is a particularly convincing set of Tables, giving a detailed analysis of the water supplies of 21 towns in the U.S.A., with records of the incidence of caries and of dental fluorosis in those towns.
The fluorine content of articles of diet other than water is, generally speaking, low. An exception is tea leaves, which may contain substantial quantities; the highest of which I have seen a record was almost 1,800 parts per million. Even so, however, the amount of fluorine which one could obtain from tea would be very small. The fluorine content of fish is relatively high; a common value seems to be about 7 parts per million, but presumably a great part of that would be concentrated in the bones which would not, except in the case of the smaller fish, be eaten. The inhabitants of Tristan da Cunha, who seem fated to be quoted in every discussion about dental caries, have practically no fluorine in their drinking water, but their freedom from caries has been attributed to the large part which fish plays in their diet, and which is presumed to supply them with an appreciable amount of fluorine.
Having regard to the fact that marine products tend to have a considerable fluorine content it is rather strange that, so far as I know, no one has ascertained and recorded the fluorine content of cod-liver oil. Is its fluoride content sufficiently high to account for any beneficial effect it may have in inhibiting caries? It may be that the technical problem of estimating fluorine in an oil is a difficult one, but it would be of interest to'know what the content in cod-liver oil really is. The only other constituent of our diet which'seems liable to contain any great proportion of fluorine is baking powder. In Nature, fluorides are usually found in association with phosphates, and certain baking powders contain a great deal of phosphate. I understand that those powders have tended to contain so much fluorine that the Society of Public 5 285 Analysts felt that it would be desirable to have a statutory limit placed on the fluorine content of baking powder. I am under the impression that the figure they had in mind was 300 parts per million, but presumably the Minister of Health did not think that baking powder constituted a danger to health by reason of being a source of fluorine. At any rate, I have not heard of any statutory upper limit having been fixed.
Judging by the bewildering variations in the recorded fluorine content of bones and teeth, the accurate estimation of fluorine calls for a good deal of experience and skill. I once tabulated all the analyses of bones and teeth which I had been able to find in the literature, and it was clear that a great many of them must have been wrong. Thewlis (1940) gave the fluorine content of human enamel as 0-02 %, and this figure corresponds so closely with the figure of 0-025 % given by Bowes and Murray a few years earlier that it seems reasonable to regard it as reliable. Incidentally, it is of interest to note that Thewlis gave the fluorine content of dogs' enamel as nil, and yet the teeth of dogs hardly ever develop caries.
There was one analysis carried out in America by Armstrong and Brekhus (1937) , whose figures have been quoted over and over again as proving that the enamel of a carious tooth contains not much more than half the amount of fluorine contained in the enamel of a sound tooth. In view of the fact that their figure for the enamel of a sound tooth was only about half of that recorded by Thewlis and by Bowes and Murray, it seems unwise to quote, as many people have done, the Armstrong-Brekhus figures as if they had settled once and for all the difference between caries-free and caries-attacked enamel. I feel that a repetition of the Armstrong-Brekhus analysis is long overdue. I do not intend to describe in detail my North and South Shields investigation (Weaver, 1944) , but just a few of the principal findings. In North Shields water the fluorine concentration was found to be less than 0 25 The low incidence of caries of the upper permanent incisors in fluorine areas has caused some people to put forward a suggestion which seems quite fantastic, viz. that water when taken into the mouth comes first in contact with the anterior teeth, and these teeth adsorb fluorine from the water, leaving it with insufficient to produce the same effect on the posterior teeth. If this were so, presumably upper deciduous incisors in a fluorine area would show a freedom from caries similar to that displayed by the permanent incisors, but they certainly do not. In South Shields the number of DMF deciduous upper central incisors was almost as great as the number of DMF deciduous upper first molars, whereas for the permanent dentition there were found over 50 times as many DMF upper first molars as DMF upper central incisors. The explanation which seems to me best to fit the facts is that a tooth which has little natural tendency to develop caries, such as a permanent incisor, obtains from fluorine that little extra protection which it needs. If, however, it is of a type which is prone to caries, as is an upper deciduous incisor or a molar, fluorine is not a sufficientlv powerful inhibitor of caries to protect it in more than a minority of cases. I think the most important lesson to be learned from the North and South Shields investigation is that the caries-inhibitory property of fluorine seems to be of rather short duration. The incidence of caries in an experimental and a control group is usually shown by recording the number of DMF teeth in each group, and then expressing the number in one group as a percentage of the number in the other group. Using that method, the average number of DMF permanent teeth in 12-year-old children in South Shields was 56% of the average number in North Shields. There is, therefore, some justification for saying that fluorine inhibited caries in South Shields children to such an extent as to reduce the incidence of caries by nearly half-a really remarkable result. I suggest, however, that such a comparison can be most misleading. The 12-year-old children in South Shields averaged 2-4 DMF permanent teeth, whilst the corresponding children in North Shields averaged 4-3 DMF permanent teeth. The question which really needs to be answered is "How many years does it take for the figure of 2-4 in South Shields to reach 4-3?" The answer is approximately three years. It is, of course, true that during those three years the figure of 4-3 in North Shields is also increasing, but the fact remains that at 15 years of age children in South Shields have the same average amount of caries as is found in North Shields at 12 years of age. A further investigation into the dental condition of adults in the two towns showed that in them caries was postponed for about five years. I should like it to be clearly under-I .
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-stood, however, that when I refer to fluorine as having the power only to postpone the onset of caries for three to five years, I do not mean that this holds good for each separate tooth or for each separate individual. It is a statement, from the epidemiological angle, of what increase in caries incidence may be expected in a certain group in a certain number of years, but it gives no information whatever as to the increase in caries incidence which may be expected in any individual member of the group. I suggest, however, that when any given regime or procedure is claimed to be of value in reducing the incidence of caries, those whose concern is with the manifestations and effects of dental disease in the community should not be satisfied with the traditional kind of evidence; evidence regarding the duration of the protection rather than that based on percentage comparisons should be asked for. I might add, in passing, that if the protection given by fluorine in South Shields had not been shown to be of quite brief duration, members of the dental profession would have been faced with an embarrassing question. That question would have been "If the incidence of dental caries in South Shields is so very much less than in North Shields and if dental disease is inimical to health, why is it that there seems to be no evidence that the South Shields population is healthier than the population of North Shields?" The answer, of course, is that the figure of 56% which I have given in connexion with the findings for 12-year-old children is misleading; that there is in fact no very striking difference in the incidence of caries in the two towns, and therefore that there is no reason to expect South Shields to have a better health record than North Shields.
Having indicated that only a limited beneficial effect can be expected from the ingestion of fluorine in drinking water, something needs to be said about the possibility of its doing any harm. A good deal has been written, notably by Roholm (1937), about the toxicology of fluorine, but he was concerned mainly with effects produced by the quite exceptional conditions experienced by workers in cryolite-a fluorine compound obtained in Greenland and refined in Denmark. There have been reports from India of severe skeletal disabilities, apparently resulting from the ingestion of fluorine, but the water supplies invariably contained unusually high concentrations of fluorine-far beyond anything which is found in this country. There has been a small-scale investigation in England by Kemp, Murray and Wilson (1942) , in the course of which radiographs were taken of a number of spines with a view to discovering whether spondylitis deformans might be related to fluorine intake. The investigators concluded that spondylitis deformans was fairly common, whether or not there was evidence of dental fluorosis. They added that fluorine in soil and water, in association with defective nutrition, may favour such maldevelopment; they did not, however, seem satisfied that it often does so. McClure (1944) found no relationship between fluoride exposure and fracture incidence.
He considered that his findings pointed to the unlikelihood of skeletal development being adversely affected by continued ingestion of drinking water containing up to 6 p.p.m. of fluorine.
It is claimed, by Dagmar Wilson (1941) that fluorine areas show an unusually high incidence of goitre, but I did not find goitre to be prevalent in north-east Durham. If the intake of fluorine is very high, it is possible that damage to the kidneys may result, and there have been statements to the effect that fluorine considerably lengthens the clotting time of the blood, though this has been disputed. Fluorine is a very toxic substance, and if ingested in large quantities it will do considerable harm, but the evidence which I have seen has given me no reason to think that, apart from the rather unsightly appearance of the teeth in some areas, there would be any harmful effect produced by the long-continued ingestion of any fluorine-containing water found in this country. Does fluorine produce its caries-inhibitory effect during the pre-eruptive or the posteruptive life of the teeth? If it were produced during pre-eruptive life, presumably it could only be by way of effecting some modification in the structure of the teeth, making them more resistant to attack. One thinks, for example, of the way in which the addition of very small amounts of other substances affects the properties of steel, producing stainless steel with its high power of resistance to corrosion, which is a chemical attack, and one wonders whether the incorporation in the developing enamel of quite small amounts of fluorine so alters its chemical constitution as to render the enamel more resistant to chemical attack. Laboratory experiments have been carried out in which powdered enamel has been treated with various fluorides, and an apparent reduction in enamel solubility has thereby been secured. It is, however, doubtful whether conclusions from these in vitro experiments are valid for teeth in the mouth; it seemed, for example, as if lead fluoride was particularly effective in the laboratory in reducing enamel solubility, and yet topical application of lead fluoride solution to teeth in the mouth appeared, according to one investigation, to produce no beneficial effect. An effect produced by fluorine during the post-eruptive life of the teeth might result either from an increase in their resisting power or from a change in their environment-in 7 287 other words, it could either strengthen the defence or weaken the attack. T, therefore, examined 800 children who had been born outside the north-east Durham area and had come to live in it at various ages. It was only the six-year molars which were carious in numbers sufficient to provide any evidence of value, and, so far as caries of those teeth was concerned, it seemed to be established that, up to and including the age of about 5 years, it did not matter whether the child's residence in the fluorine area had been long or short. To put it in another way, children who came to live in the fluorine area appeared to have an average caries incidence in their six-year molars which was quite independent of the age at which they arrived there, provided-and tlis is important-provided they got-there before the age of 6. Now this seemed to indicate that, in order to obtain protection for the six-year molars, it was not essential that the child should have been ingesting fluorine for a considerable time; what did seem to be essential for maximum protection was that the child should have ingested fluorine for a period, though probably only for quite a brief period, before the eruption of the six-year molars. However, children arriving in the fluorine area at 6 years of age appeared to derive some benefit, whilst those arriving at 7 years of age or later apparently derived no benefit at all so far as protection of their six-year molars was concerned. It seemed, therefore, that if fluorine confers on the tooth any protection during its post-eruptive life, it is only during a quite brief period following eruption that such protection can be acquired. This is not easy to accept, though in correspondence which I have had with Bibby, he has put forward an ingenious theory to account for it. Briefly, it is this. Newly erupted enamel is prepared to adsorb a number of different substances from its environment. If that environment contains fluorine, the enamel will adsorb fluorine; if the environment does not contain fluorine the enamel will adsorb another substance or substances which will, so to speak, exhaust its adsorptive capacity and so render it incapable of taking up fluorine even if it gets the chance to do so later on.
Therefore, the examination of those 800 children did not provide a perfectly definite answer to the question of pre-eruptive versus post-eruptive influence. It appeared to me probable, on the basis of my findings, that the protection was acquired during a late stage in the pre-eruptive life of the tooth, but I could not rule out the possibility that it might be acquired just after eruption. At first I thought that the uncertainty was due to the fact that 800 children did not constitute a sufficiently large number when divided into age-groups, but I am now satisfied that the same uncertainty would have followed an examination of ten times that number of children, if it had been possible to find such a number fulfilling the necessary conditions. The uncertainty is really due to the fact that, although it was possible for me to get precise information about the time of a child's arrival in the fluorine area, I could not say, in the case of a child who had arrived there somewhere about the age of 6 years, which, if any, of its six-year molars had erupted before its arrival. There seems no way of overcoming this difficulty in any investigation of the type which I carried out but it can, and I expect will, be overcome by utilizing the data from those American communities where fluorine is now being added to the water supplies. If, immediately before the commencement of the addition of fluorine, children have been dentally examined and a record has been made of which teeth have erupted and which have not, then it will be possible to compare in due course the caries incidence of those teeth which were erupted before the addition of fluorine with the incidence in those which were unerupted.
There have been in America several investigations based on the same idea as the one I carried out. Some of them have been done in areas where there was a change in the fluorine concentration in the water supply-sometimes from high to low fluorine content, and sometimes from low to high fluorine. Others have been concerned with persons whose place of residence had changed. None of them, however, has seemed to me to provide convincing results; indeed, the conclusions of different observers have given rise in my mind only to confusion.
A certain amount of work has been done with a view to finding out whether fluorine produces any significant change in the environment of the teeth. There seems to be general agreement that the activity of salivary amylase is not affected by fluorine even in quite high concentrations. Children drinking water containing 1 8 p.p.m. of fluorine were recorded by McClure (1939) as having just the same salivary amylolytic activity as children drinking fluorine-free water. Lactobacillus acidophilus counts have not always given consistent results but, on the whole, children drinking water containing significant quantities offluorine tend to show considerably lower lactobacillus counts than do those using fluorine-free water. Whilst, however, many people accept it as established that there is an association between high lactobacillus counts and high caries activity, it is by no means accepted that this relationship is one of cause and effect-or rather, one might say it is not certain which is cause and which is effect.
With a view to reducing the caries incidence in areas where there is little or no fluorine in the drinking water, four methods of utilizing the caries-inhibitory property of fluorine 288 have been suggested. They are: (1) Addition of fluoride to drinking water; (2) administration of fluoride in solid form; (3) topical application of fluoride solution to the teeth; (4) incorporation of fluoride in dentifrices.
Let us consider first the addition of fluoride to drinking water. At the present time there are eight communities in the U.S.A. and Canada where fluorine is being added to the domestic water supply for the purpose of studying the effect on dental caries. The first of these community experiments was begun at Grand Rapids, Michigan, in January 1945, and a preliminary analysis of the dental findings so far has been made but, as yet, nothing has to my knowledge been published. The fluorination of water does not appear to present any technical difficulty, and the cost is not high. One American estimate of the expenditure is that it would amount to about 7j cents per head of the populatfon per annum. In spite of the ease and cheapness of this method it is not, however, one to be adopted without very serious consideration. There are many people who would object strongly to what they would regard as tampering with their water supply, and public opinion in a matter of this kind cannot safely be ignored. I have heard of one American community where there had been some publicity about a proposal to fluorinate the local water supply, and some time later the Public Health Department began to receive complaints from residents that since the addition of fluorine to the water their teeth had gone to the dogs. In fact, the project had never got beyond the stage of talking about it, and no fluorine had ever been added.
It has not, so far as I know, ever been suggested that a community water supply should have its fluorine content raised to a level above 1 p.p.m. That being so, I think there is no reason to anticipate that the addition would do any harm, but mention should be made of other objections to the procedure.
The first is that it is regarded, not unnaturally, by many water engineers as a clumsy method. To add fluoride to the whole of a town's water supply in order to fluorinate the comparatively small proportion of that supply which is actually drunk seems to them uneconomical. If it is argued that the whole of a town's water supply has to be chlorinated in order that the inhabitants may drink chlorinated water and thereby obtain protection against water-borne diseases like typhoid fever, a further objection would be that the protection afforded by chlorination is enjoyed by the whole community. On the other hand, it may well be that fluorination would not benefit in the least the residents whose teeth would have been already formed at the time fluorination was commenced, and even in the case of children whose teeth would be exposed to fluorine during the whole period of their development, there would be quite a number who would apparently derive no benefit. To illustrate this point, I might mention that the first four children whom I examined in South Shields had between them 41 DMF teeth. It could be argued that, if they had not been ingesting fluorine the number of their DMF teeth would have been much more than 41, but it must be admitted that if those four children had derived any benefit from fluorine, the benefit was by no means obvious.
Next, it might be claimed that "doctoring" of the water supply would be justified if it could be established that some permanent or long-continued reduction of caries could be achieved, but that it is not justified-if the reduction of caries is merely a transient effect-a delaying action rather than a prevention of caries.
Finally, it would be argued that the amount of fluorine ingested from water depends not only on the concentration of fluoride in the water, but also on the quantity of water which is drunk. In this respect there are substantial differences between different individuals and also, in the same individual, there may be differences depending on the season of the year.
In order to ensure a uniform intake of fluorine from water for the whole year it might be necessary to vary the content between say 07 p.p.m. at the height of summer and perhaps twice that concentration in the depth of winter. A complication is thus introduced, and objections would doubtless be made to the content ever being raised above 1 p.p.m.
We turn now to the second method, namely, the administration of fluoride in solid form. There are precedents for a procedure of this type, notably the iodizing of salt for the prevention of goitre, and the addition of calcium to flour. Some enthusiastic advocates of water fluorination claim that the beneficial effect of drinking water which contains fluorine is the result of the fluorine being adsorbed by the teeth during its passage through the mouth, rather than from any effect produced by the fluorine after it is swallowed. They would accordingly argue that fluoride passing through the mouth in solid form could not readily be adsorbed by the teeth and would, therefore, be comparatively ineffective. It seems to me, however, that the evidence for their argument is very thin and, I think, therefore, that the ingestion of fluoride in solid form by those who want it is much to be preferred to the compulsory ingestion of fluorine in water both by those who would welcome, and those who would strongly object to, such a procedure. Incidentally, those who wish to take fluorine could take it either in solid form or as an addition to the household water, but it is probable 289 9 that the latter method, involving the making-up of a solution of given strength, would be much the less popular. The fluorine to be taken in the solid form might well be incorporated in tablets of prescribed composition, containing say 1 mg. of fluorine as fluoride, for use in an area with a fluorine-free water. If the water contained some fluorine, the tablets should contain proportionately less. It has been suggested that bone meal would serve as a source of fluorine to be taken in solid form, but analyses of bone meal show considerable variations in fluorine content, and so this method of giving fluorine is rather lacking in precision.
The topical application of fluorine, that is, the painting of the teeth with a fluoride solution, has been carried out on a considerable scale in America. In this country an investigation has been carried out at a residential school in Cheshire by Professor Stones of Liverpool, assisted by members of his staff at the Dental Hospital. The experiment itself was completed some considerable time ago, but there has been a delay in obtaining a statistical analysis of the results. Although many of the reports from America are most enthusiastic about this procedure, I should prefer to suspend judgment as to its value until Professor Stones' figures are available. One American investigation by Arnold, Dean and Singleton (1944) , carried out in the U.S. Coast Guard Academy, led the investigators to conclude that 'there is no evidence in this study that a single topical application of a fluoride solution to the teeth of young adults as here carried out would result in reduction of dental caries incidence".
On the other hand, there are numerous American reports of striking effects having been produced in children by multiple applications of a 200 sodium fluoride solution. A typical report is that by Galagan and Knutson (1947) a few months ago, in which they record having applied sodium fluoride solution to the teeth on one side of the mouth of 1,555 childrenthe teeth on the untreated side acting as controls. They state that the incidence of initial caries in permanent teeth which were non-carious at the time of treatment with 2, 4 and 6 applications was, after an interval of a year, 21-7, 40-7 and 41 00 less respectively in treated than in untreated teeth. They believe that four topical applications of sodium fluoride, preceded by dental prophylaxis, afford maximum reduction in dental caries incidence.
One of the reasons for hesitation in accepting unreservedly the claims for the value of topically applied sodium fluoride is the fact that the results of its application to mandibular teeth have been usually much less beneficial than in the case of teeth in the upper jaw. Various attempts have been made to explain why this should have happened, but the explanations do not seem to be entirely convincing.
As for the addition of fluoride to dentifrices, it was suggested in an editorial article in the British Medical Journal that the time might come when legislation should provide for the compulsory inclusion of specified amounts of fluorine in every dentifrice sold to the public. I know of only one experiment designed to test the value of fluorine used in this way; it was carried out by Bibby (1945) . Both a liquid and a paste dentifrice were supplied, sodium fluoride being incorporated either in 0O01 00 or 0 1 0% strength. The users were dental students and orphanage children. Bibby reported that no evidence of a reduction of caries activity was found-a result which did not surprise him so far as the young adults were concerned, but which was quite contrary to his expectations regarding the children. I have heard recently of one British firm contemplating the manufacture of a fluoride-containing toothpaste, but up to the present I have seen no evidence which would justify encouragement of such a venture.
